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PROBLEM TO BE SOLVED: To 
uniformize the plasma generated 
in a reaction chamber by covering 
the essential components of the 
reaction chamber with a 
protection member of quartz and 
reduce impurities adhering to a 
film to be processed on a wafer. 

SOLUTION: A sample stage 1 1 
provided as a lower electrode in a 
reaction chamber 10 has a wafer 
holder 1 1a for holding a 
semiconductor wafer 12. When an 
etching gas is supplied from a gas 
feed system 16, a plasma 
generated from an etching gas is 
produced in a plasma generation 
region 17 and etches a film to be 
processed, which is formed on the 
top surface of the semiconductor 
wafer 12. Main components of the 
reaction chamber 10 are covered 
with a protective member 25 
made of synthetic quartz. An 
observation window 26 for 
observing the interior of the 
reaction chamber 10 is made of 
synthetic quartz. 
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(57) [3U»] 

m&^m s.mm. i o (Dftrnzarmmmt lt<d 

SWfil l^KW&n. SKtSfil 1 1 2 

39ifiR»*ttt-&iaei£*»e>*:6««a5«2 sierra 




1 

[m l ] *A$ tif-S.&&i3xfr ^4S77 Xv 
All, fS^Lfe^X-TClJ: US4£±CD 

5 x v&JiiggT- feot, 

#tc j: y gfcftT ^ -5 z. £ £ -f s X^ XvfflflHS 

a. 

[S#3S2] ^AaftfcfifEttji/Xjb^fcS^Xv 
Sr«£S*Sfc#K. 3g£L^X5>XviCj: y, 10 

U?A, *;i/>"^A, *U9A, 7>>l/5x>y-A, &3Z.te 20 

y^xv^tsiss. 

fcKJ£tt#X#£**:7^Xv&?8£3-e.&Xgi:, 
BtffB^Un>ffifitlR{C^UT. ftfSE-X^XvfcfflVNTx 

X5Xv#UIy3?£„ 

[0 0 0 1] 

(&tt#x*»&fc*^Xv«:»£Si±*i:#fc, 

o£*CDHJ&^£^£X5Xv#l3iSS, StflufB© 
SJS£l*T? X 9 X7X >y ^ > fc -5 rfy Xv&H?? 

stew**. 40 

[0 0 0 2] 

^$nt^«!.SK(CMbT-7 r vXv'(Ci yi^f^y 

-easy. ^fltigBroiBaxstcfe^T^wfttaa* 

[0 0 0 3] i:35T-, y7Xv»iWx.if^7Xvi 
£LTli»S7;i^x?A#fflV^nTV^2)\ 7)l<$. 



1 1 - 2 3 8 7 2 2 

2 

- (pIM tlTK, zcot-sb, fiLJ&mG>m% 
Z<D£.WMf&&titfx- v ^ y V £ *iT 7 )l> $. - V A #4 

[0 0 0 4] «38M*i:LTii, *uiL-s>-r^i:vOS 

[0 0 0 5] tljf. fi^F, £jSS0>±33tja»*tS: 

is«wtffl$«s:^xv*^«a-#-s 

X^ X?©MSfti:ffot X^ XvffltiA'i -y ^ 
> Xl# ft (C#;L£ I^g#A £ V ^ i: 4*0)31 S fC J: y , 
9 Xv©«JKS:TfS * JtT? JLoi^-tC-Ro * # 

I, TX^XVX.y^>?' KJS£<D£»fl 

tf), :X5Xv?S£««lC;i3»r*-C$S£-f$:X5Xvtt, ifs 

LTfBIt^#Tx>y^>y?:^e)^i:tC^5.<Z)T\ "X 
5 X^-©4«IBttl*B8<0«aUcffo TSEft L * v ^fc*tc» 

[0006] tot*, sjs^oiaaiuftajtf^eie** 

3 >^(C*f b T 7 * -fe - Xtt K^— LT«A^ V n 
£ St W S 3 v \ 

[0007] aioaactot, -»<o«iB'ft*«s* 
$ j(aiia»it-f- tc*f 1^7*7 xti >y ^ > ^ 

[0 0 0 8] T;i/5^l!ri*bfcJ:-5«;?iJj*S:J* 
oT^i i:^tc, X^ XvcDttJBtfx >y ^ > y^tttc^ 



3 

>mfcR£.8fti3lzjsi-f&£tfi<DI%®izBlW.2ti&mt 

!#ftT§? CO#ffi£^iC £l' , T7'7 X7A ; g«1- ft #f 

*£<JSfc&fctf), 2/ 'J n>SKfcR0)flSastC#3tt-5:/ 
^ Xvffl^I U n > gtf tRco c^^SP ic 33 ft -5 7° ^ X 
-rrottJBfctfSfc*©-!?, 2"J =J>firffcRtc*t-f -S^y 
if- y t'ft&tf 2/ 'J n > K-f tR <7) Si « J C 33 ^ T SEf t -r S . 
fit, ^"^XvwWJISSr-StCfigofcAJC, &»£tc 

Egf ftCDT'&ft. 
[0 0 0 9] 

■T*JIBS:IS&ihr«ii:ttTfSft^. JWT, ^©IBJWco 

[ooio] ««auifc^«**^*-rsi:, 

D R AM<7)'fI1S'fttf)feffi*t4iiCD 1 -DfJi^* 1 - X*-f A 
(*^U1z;i/l«£fcy©«?&««ri*ia) 
vOHS#?S£1-ft. d<-X*^A©«'i?l±, DRAM 

co* ^ y -fe;uc-t- h u ^ A^c9^M#j#tt*-f ft r htc 
ft. 

[0 0 11] f^T, tt»«JCf*3»i-*^:»t«iS:<Sj« 
»»&0f«ai»#K*i«[LfcSJS*l**S:l»*bT, £ 

[0 0 12] 14, 

v <EJS£j£*;fi«4? v ^«J*T 7^ Xvi v * y 9 

tJi-DTfrtctiK DRAMOd<-X^^A$:rSl_h$-t±ftz: 

[0 0 13] t&SBtc**, SM^^tiS 

STMT'S ft J: -5 tc-f ft d £ B&9 £ "f ft, 
[0 0 14] 
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[0 0 15] £-f\ iS«^3BM*»5H^e>«:«#giSP 
WlC «fc o TS^nT V x ftS£u^tC 35 V X"7i <y -f - 

yytftftt ZHZ^y&btXZ) D R AMc7)rK-X^ -f 

Tgt>tlT^ft J S£5^tC33V^T7 r ^Xv'X>v^->y$:^f 
ftoJIillCj: »J#f,tlft D RAMGQtK-X#-Y AiCfct^ 

[0 0 16] £g«^**#-7;^^<bftft« 
R»*ti:: J: o tg^tlt V ^ ft SfS^tC 33 XV x 

10 -y^>^*5:^ffte) 3i:(Ci »J *#<i*lft D R AMGDzK- X* 

^IC^nftDRAMcDtf-X^-fAti, U>?*SMtfS: 
BHS L ft V tC ft e> *l ft D R A M CD jtf - X * >f A (C it 

[0 0 17] frt, S^*^ftft«mSPMXliS^^ 
£ ft ft U > ygptt ©»£»K1 ft o T V \ ft CO T- ti 

x^ft^te^ia^T'&ft;^, *i»^?fc#*4x* 

-^■j^ietc-i- itmm ismz $ * ti ft * 

[0018] *?6^(i, l^rfBcD^JM,^cSo%^Tftsn7^l 

ib *i T v x ft ^Ut535 tcf^x. T S ffl ^ ft *> T' S> 

30 ft. 

[0 0 19] *?8^^ft^lCDX^Xv 
^SlSStt, 3lA^tl^Sf5tt^X^iiftftX^X^5: 

«iaiRtc*f u T^&asrff ft e> r^(DKm^.^xr=.^^ 

^53?*^ft ft^aSPWfCt U afctlT ^ft ^cDT-fe 

fto 

[0 0 2 0] »i (Dy^Xv«iSISiBfc«kft^, SJSS 

©±s«j«3ij#^fi»53i*» e> ft ft «asp#ic «t »j sfc 

>SP-fLISSt;«aSI5^{C^ IT H Dsfeff Ti ■> ^ > y S: 
^fft-53iHCftft<DT-, ^5Xv©««ltt«fia»»c— 3fe 

T'&zt&izmffimziti-T'&z. zom-s. fcfcmz 

33 V ^ T L ^ 5 X V te«»SP#lC ^LH-vf 

©*t> (i««L3Rc7)^® tc#^f ft ^M^c7)S(±« 
*T^"ftv>. 

50 [0 0 2 1 ] A^WfCli, *fe^(C^ft^2OT^5X-7 



[0 0 2 2] g5 2©^5Xv«a36K{Cj:St, t*#£ 
-v ^ > y SrtJ* -5 4 -> U n >IWfcR 

fts„ /SJCsuns^T^ufe^x-rttu 

[0 0 2 3] ^1 X»^2©^^X-7^a^S{Ci3V% 
T. 1^/£^lClt**l£:^tt4*©1^mo. 1 p pm 

[0 0 2 4] 3<Z>*§-6\ #Jfc63SfC-£**l5*iK4fcfcO 

[0025] j«*»tctt, *«^tc-^^^^x^«ia^ 

ffi tc i/ U n > SMbRtf Jgjft S *i T v * S 31* & *B "f S i: 

JK-t&tmz. ^AStvfcSfStttfXrt^ftST'^Xv 

[0 0 2 6] *?g«CD^^Xv«ia*^Cj:Si:, t&ft 
£©*««B3|5CD«BK-£-J&53S>b^ft-2> V2/?m#1fi 

S«3ROMH©$tt£#|i?C*mJcft£©T', l£«Lji 

c7)^;ft#««bT'>ft^tf)T% tMaSfltflDMUHtf*-*- 

[0 0 2 7] 

0)16 1 0£»B»lc«S:/^Xv*yi3£BK:o^TB l 
[0 0 2 8] gill as l <J)%MYem\z.&Z> -J 5 Xvft 
fCSi o©rt»»ciiT»WSi:LT0>SW#i l^SW 
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6 

£««#8P1 1 a&fLT^S. 1 0<£>[*!gPtC£ 

i i <z)£fi«#as i i a fcttffij-ro&afcu 

±3MMf 1 3#iSl1-<b*lT£'J. K_hgBMl 3{Cii^ 
[0 0 2 9] £fS^ 1 0 C0±J£SP 1 0 a (Ciitf^agAgf 

1 5 i^LT^Mist i 6 caiiLtv^s. zntc 

SJtStt^^tt, 1 5?:/rLTSf5Sl 0 tc3» 

io ASftfet. ±gpm« 1 3 <Z>#;*#tt?L 1 3 a lC«fc »J # 

[0 0 3 0] _h«J«f 1 3tt!Sl0>>f >fcf Sl^ 

u . fg i coffijg&maK i 9 *^±»«fii i 3 tcepjns n 

[0 0 3 1 ] «f4£l 1 2 to 4 > 

2 0 &^LT*2<Z>JKMaMMR2 1 fCigJJfcSflTfcy . 

20 ^miJ(Cj;»J. -f^X-T^ffiMl 7tCi3Vvt$8£Lfc 

[0 0 3 2] 0<Z){H9g|WCte#X#Etf5n2 2#fS 

ttbftTJSy, SA'XiiiSP2 2tt#;*tlfffiSSB2 3 {C 

[0 0 3 3] ffioT, #X{ttJ£3£fi 1 6 ^ <bSfStt#X 
30 A, 2ffi*ffiK:jgJ*3ftTV*S«*yifl|;&* 

ffip 2 2 fre>#«jc#ajs*is. 

[0 0 3 4] OHi6^©4t®ti: it, l 0 

©±^«fi£BP**T'fe-5. ±JSSP1 0 a, TISSP1 0 b. 
ffl!lS3P 10c, 1 1 K: feW 1UR 

^©»^. ±$t>wm 1 3 ©J9»»»i-&*B3£^ e> ft S « 

m^U2 5{cJ;oTa^fcnTv^si:^^c, sjs^io© 

40 [0 0 3 5] «l©20fiJg»fCJ:Si:* £J££1 0<D£ 
K«*»***«-&fifcS3l^ ft ZUm&tt 2 5 tc J: U 

SSf$«2 5&tf«g5S2 6^^XV58^«1 7{Cfe 

^©^ttft^ ijeffi $ nft v ^ 

[0 0 3 6] ^CD^-plC, «USPtt 2 5 Stf^JS 2 6 
50 SffiH^StlTVx^KffiSRtCli^irtift^^^aFL 



&l^ODT\ ^<*S« 1 2GD±®±lCfl2f&£4T.T^£D 
R AMCDzK- X# -f A 5: < ffi]±5itS Z £ #T'£ 

[0 0 3 7] ®2(i, ^*C7)7^Xv^illgB00Mai5O 

<z>3M$-£#fS-t§. ft, H2icfi^Tti. aic^Lt 

s#fi63uwtt*»ai£^e>fts«aaj«ncj:oTaE*3 10 
[0038] a^^^xv^assisfcisii, 

^Lfe^Xvtcfcsnai:, l li# < 

« i 2 ®*®(c#«f l »j , ffero^aispM i 

LfeUf ^#*Sfil 2<5D±ffi±tC^fig$nT 
^5DRAM<£#-X*^Att*gi*LTL*-5 = 
[0 0 3 9] H3tt, «««J«»C^**lS^««a)^ 

at. ¥mw&&<D3iwizi3»z*Mii<Dttmmiic>JB5 20 

[0 0 4 0] H3tcew**_h«)««tt, 
#1 S:fflv^fei:*(Z>^»t«K©f*3»JI (KOI) 

cam) fttterit^frfc 2 5 

fefc*©*»»©fMMI (KM) fcasLTv**. 03^ 
[0 0 4 1 ] 04 ii. *»)MMS«<o*iBJcfeWS^i««j 
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8 

2 X 1 O l0 llk±lZ&Z>£ji-X5i 4 .Utf^S 

[0 0 4 2] SSKOSgigJgMUCfc&i:. 0 3d^£*8 
BE! L 7c J: 9 {C¥¥K*S«©*ffiKi3tt5*il*tta>tfi»* 
S1X1 0 10 5^?i(C{£^T'$^(7)T% 04 A^^Si 
? \ Z # - X 9 A A & * g < {£ ft 1" 5 3 £ # T' $ S . 

[0 0 4 3]J^T. &Hgp**£:LT. £olzi@M 
& JB a ig^&r>'^ i conifer® cd <k ? ic 

tfm<r)*&> tmmjkunwmiz o v ^ t -r a . 

[0 0 4 4] ft, ^^S«CD*®{C^^-^^^C0 

fi, A = DVCN/ (MS) T?*t>3tl5. 
[0 0 4 5] ife, ¥3*#«©*iSfctf*?-**iW» 

ffiS<Z)^j?J!-fii!i^® J; o f- Ltf ftL i~ ^ij 

=z >l£«©_hK:£®K:H o T J£f£2 ;ft £ £/ U n 

(C*f LT WTCOx v *f- > y^ffT -f x ^ ^ > y 5:ff 

^»ifel?:0. 7 wt %fflHN0 3 «[-CEIJRLfc. JXtC. 

7c. 
[0 0 4 6] 

i7f>^:C 4 F 8 /CO/Ar/0 2 =5 — 2 0 
/5~2 0/1 0 0~4 0 0/5~20 (seem) 

±spmsicfnAn-r-5iSM?sm* : 1000 — 2000 

(W) 

T&W.MlZ$WQ-fZ>^m&mtl : 5 0 0—1 5 0 0 
(W) 

^V?-y9®fi§L : 3 0- 1 2 0 (f$) 
[0 0 4 7] 

[am 



( 6 ) 1 1 - 2 3 8 7 2 2 

9 10 





Nbl 


Ca 


K 


A 1 


Te 


Ms 


< ppm) 


0.8M.G 


0.4^1.0 


0.2M).8 


9.CKS0 


C.3-0.7 


0.1 


(ppm) 


1.0 


1.0 


D.7 


10.0 


0.7 


0.1 


(Kl CVcm" ) 


61.7 


29.7 


21.3 


440 


M.9 


4.89 


(Kl 07cm J ) 


24.0 


13.0 


3.6 


7.8 


2.3 


1.7 



[0 0 4 8] [Si] li*»S3S£ffl^€>»^S:^LT 

S — 4 . 0 p p m, Ji y i y *J A ^ 0 . 4 — 1 . 0 p p 
rru #y^A*<0. 2 — 0. 8 p p m. 
9. 0-50ppm, i&^O. 3 — 0. 7 p p rru ^ if 
*i/V2*&0. 1 p p m ( («) M^T^OX 
5 A<bjj#u if. MJi^* («0 G>jj * u ?RVHt¥&. 
K (fSfflU) : H*fb^*IB<fcyS[#) . tSEoT, «H 
5»^Mf^*ffitlT, ^-hy^Atii. 

Oppm. 1 . Oppnu ^y^i^ttO. 

7 ppm. T;i/^— ^Aiil 0. Oppm. &te 0 . 7 
ppm, V^^^AiiO. 1 p pm£gg/8L£o 30 
[0 0 4 9] *fflb<D&mM£.LT±&<Dttmi&*:&m 



N y 1 . 7X1 0 10 /c m 2 Tf*y. * 

;i^>^A#29. 7X10 10 /cm 2 T'&y. i'J^A 
fr*2 1. 3X10 10 /cm 2 T*£>y, ^A^4 
4OXlO 10 /cm 2 T'fc^ »14. 9X10 10 / 
cm 2 Tfey. 7y*i/9^4. 89X10 10 /cm 

oxio 10 /cm 2 -e&y. xjv 

13. 0X1 0 10 /c m 2 TS>y> * y «?A^3. 6 X 
10 10 /cm 2 T'*U, 7;^-^Atf7. 8X1 0 10 
/cm 2 TJi»L Ktf2, 3X10 IO /cm 2 TS>»J, 
Tnj/^l. 7Xl0 10 /cm 2 T*«o 

[0 0 5 0] 

«2] 



11 



(7) 



m 1 <?>mw& <^j*e£) co»<& 



Ffffl^ 1 1 - 2 3 8 7 2 2 
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Na 


C a 


K 


A 1 


F e 




( P pm> 




0.1** 


0.03*« 


0.05*« 


0.1*« 


0.02ifc» 


(ppm) 


0.02 


0.G2 


0.02 


0.03 


D.02 




(x 1 O'Vcm' } 


1.003 


0.593 


0.608 


1.32 


D.426 


0.979 


(x 1 O'Vcm' ) 


0.895 


0.364 


0.237 


0.802 


D.328 


0.194 



[0 0 5 1] [^2] it&f&SZitim^ZWi&ZmlsT 20 

fey. ^*53s©*j*»0>*&*«:. -ryj^^ti'Q. 

07ppmm %Jl?/Vl*tfO. 1 p p m*l, # U 
?A#0. 03ppm7SS§. 0 5p 

pm5fMi. &#0. lppin^?®, vn^AtfO. 

0 2 p p m*SIT*&£ ( (#0 HM7T-4ylt 1 5xa>lJ 

zuv\ M?^ («o <d* # u tr».zHt&&.n (jam 

*t**M©«3Hti: LT. -J-MJtfAliO. 0 2 P p 
m. *;i/^«?Al±0. 02 ppm, ftVVMtO. 0 2 
ppm. y;i, = x^AfctO. 0 3 ppm. &l±0. 0 2 30 
ppm. Y^i/'JAttO. 0 2ppm5:MfflLL 
[0 0 5 2] ^«4&©^fit LT_h|B©fS3Hi*:$&ffl 
b tc £ £ 0>¥*tt&K±Kl £ tt 6 *«tt©*©tf-JMt 
It th'J^A^l. 0 0 3 X 1 0 10 /c m 2 T'&U. 
jj)li/VJ*tfO. 59 3X 1 0'°/cm 2 T'fe'J, # U 
?A#0. 6 0 8X 1 0 10 /cm 2 T-3b'J, 7^5—"? 
Atfl. 32X10 10 /cm 2 Tfc'J. feA'O. 4 26 
Xlo'Vcm 2 T*$)'J. V^i")A^O. 9 7 9 X 

1 O 10 /cm 2 "T? 

[0 0 5 3] fSj. ^^©S^lliMffiKov^te. 40 
D?A#0. 8 9 5X 1 0 10 /cm z t*J> l J, JlJlisO 
A#0. 3 6 4 X 1 O 1 Vc m 2 T'&U. A'JfA*' ■ 
0. 2 3 7 xl0 10 /cm 2 T'&U. Ti^-^Atf 
0. 8 0 2X 1 0'Vcm 2 t'l)'J. «^0. 3 2 8 X 
10'Vcm 2 t'Ji'J, 7^i/-?W0. 194X1 
O'Vcm 2 T'foZ. 

[0 0 5 4] 2 ©Sli&gJS) «T. *3£t8©f5 2© 
£i6»JKK:«*^Xv*yiKWc^TB 5 6 
(a) , (b) Sr^LJSc^&SiW-t*. 
[0 0 5 5] II 2 ©3U&£JgUCgi.5 ^9 Xv*yii£« 50 



LTfey, ^©^©wico^Tiimi ©0y6^£i»F 
»T?fcsfr&Ha*fttf ft. /Kfss©£ 

mm^^^moummuRxfmm^t ixit mi© 

[0056] 06 (a), (b) IC^-T J; ? (C. -^fSS 

'J%fT*SV^MiiS:ftiaiili3 0 a £*LTfc 
U, K»£l l©tS**«»l 1 aKHRBS*i*¥*fl: 

&fi 1 2 ©MKtSiSti U > ygftf 3 0 CD|g|ig|S 3 0a (C« 

flISixs. £©fe«>, l lroSifftasi 1 afcfc 

[0057] ^©.texc. m2©SSi&gJ&icj:.2>i:. I* 
>y»# 3 0*<K*S;tiTV*Sfc«>, «J>^*as 

#3 Otf^7XV»4f«l 7(C$3V*TI§£L£y^;<' 
A. ttXttvy*2/9A*©^««^ifttffiSn«; 

[0058] wt. ^ztDmmmmizm^zf^x^mta 

07 (a) ~ (d) $:#ML^^5>UiWr^ 0 
[0 0 5 9] £-f. 07 (a) iCa^TJ: -J »C. 
S3 l©±tCBPSGR^e>«:4S/ , J3>*'ffcBl3 2 5: 
MmLtz&, 0 7 (b) IC^-tJ^lC, yU3>iftI 
3 2©±(C VVX h/^->3 3 £7£f£-f ■£>„ 
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[0 0 6 0] &tC. v U n>HKfcB!3 2<£>±tC U S/X h 
A°*-> 3 3#j£j£S*l£¥aK*£«3 1 &||S2<7)^ig 
^ffi(C^-5 7"5Xv^gatCfii-f^^^ 1 1 (Dmfo 

[0 0 6 1 ] * Id, 17 (c) lZ^-t£oiZ. UisXh 
/^->33 ^V?,^ £ LT v'J n>Sf-ftK3 2 iZftL 
t77X7i7f>^5:ff4^t- i/U 3>Sf-ffcK3 2 
(C3>*^ h*-Jb3 2 a fc^fSLf-SL 07 (d) iZ 
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